Introduction
Marine biofouling, an age-old problem, can seriously impair the efficiency of maritime activities. The fouling of artificial immersed surfaces is often described as a successional process. This begins with near immediate conditioning of the surface with molecules contained in natural seawater and then proceeds, in a predictable sequence, from microfouling (e.g. bacteria and diatoms forming a biofilm) through to larger macrofouling species such as barnacles and mussels. In essence, each 'level' of fouling alters conditions such that they may favour subsequent colonisation of the surface by different organisms. While fouling may indeed follow a more or less predictable pattern, with initial biofilm formation, some macrofouling species are able to colonise surfaces that do not have a biofilm.
Indeed, there is evidence for an economically important fouling barnacle, Balanus amphitrite (=Amphibalanus amphitrite), that biofilm inhibits settlement. Marine biofouling may, therefore, more aptly be described as a dynamic process with the nature of the initial colonisers reflecting their availability and speed of colonisation. This is important because it follows that to control fouling, technologies need to be developed that are broad-spectrum and which counter micro-and macrofouling organisms.
2. Control of marine biofouling Historically, the most effective broad-spectrum approach to control marine biofouling has been the use of biocides to kill or deter the colonising stages of fouling organisms. This is still the main means of managing the biofouling problem but alternative, environmentally benign solutions are actively being sought. There are existing commercial nontoxic control technologies -fouling-release coatings -that rely on interference with adhesion of colonising forms. They work most effectively on macrofouling species but microfouling remains an issue and slime (biofilm) films can incur significant drag penalties. -2-4. Recent progress In this symposium, the author will first briefly discuss the main environmental and economical drivers to develop new antifouling control measures with a focus on shipping. The author will then draw on examples from our recent research in US and EC antifouling programs that have explored a number of possible nontoxic solutions, highlighting some promising approaches such as amphiphilic and highly hydrophilic surfaces. This will be illustrated with respect to the various testing procedures that we use to select promising coatings before more expensive in-service patch testing on ships' hulls. 5. Future perspective Toxic solutions that have low environmental impact could remain part of the 'equation' for effective antifouling.
The recently introduced 'Selektope' is a case in point. Interestingly, this development stemmed from fundamental research on barnacle settlement. Researchers and engineers still have much to learn about marine biofouling and it continues to be the case that fundamental research on this process is needed to meet the challenge of broad-spectrum antifouling control.
